We report the discovery of an X-ray pulsar AX J1740.1−2847 from the Galactic center region. This source was found as a faint hard X-ray object on 7-8 September 1998 with the ASCA Galactic center survey observation. Then, coherent pulsations of P = 729 ± 14 sec period were detected. The X-ray spectrum is described by a flat power-law of ≃ 0.7 photon index. The large absorption column of log N H ≃ 22.4 (cm −2 ) indicates that AX J1740.1−2847 is a distant source, larger than 2.4 kpc, and possibly near at the Galactic center region. The luminosity in the 2-10 keV band is larger than 2.5×10 33 erg s −1 , or likely to be 3.2 × 10 34 erg s −1 at the Galactic center distance. Although the slow pulse period does not discriminate whether AX J1740.1−2847 is a white dwarf or neutron star binary, the flat power-law and moderate luminosity strongly favor a neutron star binary.
Introduction
X-ray binary pulsars (here XBPs) constitute a bright class of X-ray sources in the sky, and extensive studies on XBPs have been so far made. Still our knowledge on the XBP populations is far from complete, in particular, on transient and low luminosity XBPs in our Galactic plane and Galactic center regions, due either to limited observation time, poor spatial resolution of hard X-ray instruments, or low-energy limited band of X-ray telescopes onboard the previous satellites. As for transient XBPs, Koyama et al. (1990) reported four XBPs and three possible candidates from the Scutum arm. Recent X-ray satellites, RXTE and Beppo-SAX have further found many transient XBPs from the Galactic Plane (e.g., Bildsten et al. 1997; Nagase 2000) . This, together with the ASCA discoveries of fainter XBPs on the Galactic plane (e.g., Torii et al. 1998; Nagase 2000) , suggests that a large fraction of faint and/or transient XBPs are * CREST: Japan Science and Technology Corporation (JST) still hidden in the Galactic plane and the center regions. This paper reports on the discovery of a very faint and slowly rotating X-ray pulsator AX J1740.1−2847 1 . Based on the timing and spectral analyses, the nature and origin are discussed.
Observations
An ASCA pointing observation with the field center at (l II , b II )=(359
• .98) was made on 7-8 September 1998 as a part of the ASCA Galactic plane / Galactic center survey project. ASCA is equipped with two kinds of X-ray detectors, two Gas Imaging Spectrometers (GISs: Ohashi et al. 1996; Makishima et al. 1996) , and two Solid-state Imaging Spectrometers (SISs: Burke et al. 1991 Burke et al. , 1994 Yamashita et al. 1997) , at the foci of four identical X-Ray Telescopes (XRTs: Serlemitsos et al. 1995) . [Vol. 52,  The two GISs (GIS2 and GIS3) observed the same sky region simultaneously with ≃ 50 ′ diameter circular field of view. The GIS was operated in PH nominal mode, which utilizes time resolutions of 1/16 and 1/2 sec for high and medium bit rate data, respectively.
The two SISs (SIS0 and SIS1), both comprised four CCD chips (C0-C3), were operated in complementary two-CCD mode with a time resolution of 8 sec; SIS0 observed a rectangular sky of 11 ′ × 22 ′ by using the two chips C1 and C2, while SIS1 observed the adjacent sky region of 11 ′ × 22 ′ . Thus, together with the two SISs, a square region of 22 ′ × 22 ′ is covered with the field center at the same position of the GIS field center. As a result, the relevant source AX J1740.1−2847 (see next section) was not located in the SIS0 field. We have made the standard screening for all the data, then obtained the effective exposure times of 10.0 and 8.9 ksec for the GIS and SIS, respectively.
Analysis and Results
We have made the GIS contour images (GIS2+GIS3) in the two energy bands of 0.7-3 keV (the soft band) and 3-10 keV (the hard band) in figures 1a and b. We detected 3 point sources above the 5-sigma detection criterion; two of them are hard sources, while the other is a soft source. 
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• 56 ′ 52 ′′ ) (J2000) with the 90% error radius of 45 arc seconds. Because of the positional coincidence and the apparent softness, this source is probably a ROSAT source, 1RXS J174024.6−285706 (Voges et al. 1999 (Voges et al. , 2000 .
To all the detected sources, we made FFT analysis after barycentric correction for the photon arrival times. The data used were accumulated from a circle of 3 ′ radius around each source position, and the two GIS data were added to increase statistics. We then found coherent pulsations from AX J1740.1−2847. Here and after, we concentrate on the analysis of AX J1740.1−2847. Figure  2 shows the power spectrum of AX J1740.1−2847 for the 1.4-9.0 keV band. The maximum power peak corresponds to a period of P ≃ 728 sec. We folded the same GIS data around this trial value and determined more accurate period of P = 729 ± 14 sec. The rather large error is due to the long pulse period compared to the short observation time span of about 19.1 ksec.
We folded the light curve of AX J1740.1−2847 with the 729 sec period, and the resultant pulse profile is shown in figure 3. With the same period, we also folded background data taken from the nearby source free region, and confirmed to exhibit no modulation. The background level thus estimated is indicated by the dotted histogram in figure 3 . The mean count rate of the source with one GIS detector after background subtraction is 2.0×10 −2 c s −1 . The pulse profile is characterized by a single (main) peak, with a weak (sub) peak at the middle of the pulse phase. The amplitude of the main pulse peak is nearly 100% of the source flux. We further made FFT and folding analysis for the SIS1 data (note that the source was not in the SIS0 field). Although the SIS result confirmed that of the GIS, no tighter constraint on the pulse period was obtained due to much reduced SIS photons than those from GIS.
Apart from the pulsation, the GIS light curve of AX J1740.1−2847 is found to show significant aperiodic variabilities. The RMS variation of the light curve in the 1.4-9.0 keV energy band is ∼40% for the timescale of 729 sec.
As is shown in figure 1a , AX J1740.1−2847 is essentially absent in the soft band image, indicating a highly absorbed spectrum. Using the data from the same areas for the source and background as those of the timing analysis, and summing the GIS2 and GIS3, we made the GIS spectrum as is shown in figure 4 . To this spectrum, we fitted conventional models; a power-law, thermal bremsstrahlung, and thin thermal model, each with absorption column. All these models were acceptable, but a bremsstrahlung and a thin thermal plasma models gave the best-fit temperature to be unrealistically high, higher than 40 keV. Thus, a power-law model is preferred.
The best-fit power-law model parameters were: photon index of Γ=0.7 +0.6 −0.6 , hydrogen column density of N H =2.5 +2.9 −1.8 × 10 22 H cm −2 , and normalization at 1 keV of 1.6 +3.7 −1.0 × 10 −4 photons s −1 cm −2 keV −1 . Then, the 2-10 keV band flux, after removing the absorption effect, was 4.1×10 −12 erg s −1 cm −2 . The errors quoted here and after are 90% confidence level. Figure 4 shows the GIS2+3 spectrum and the best-fit power-law model convolved with the detector response. No apparent iron K-line was found within the limited statistics. The upper limit of the equivalent width for a narrow line at 6.4-6.7 keV was estimated to be 500 eV.
To restore the secular degradation of the SIS CCDs, the pixel-to-pixel fluctuation of residual dark currents was removed (the RDD correction, see Dotani et al. 1997) , where the residual dark distribution (RDD) maps were obtained from the data of 2-CCD mode operated within 1 month of the source observation. The photon number thus corrected was 513 in the 3 ′ -radius circular region in S1C2, of which 56 % was estimated to be background. Using these data, we made the SIS1 spectrum and fitted it with a power-law model. The best-fit photon index and absorption column are Γ = 0.1 ± 0.7 and N H = (7 ± 21) × 10 21 H cm −2 , respectively. Therefore, the SIS1 spectrum does not give more precise constraint than, but is consistent with, the GIS results.
Discussion
The coherent slow pulsation of 729 sec period is consistent with a spin rotation of both a white dwarf (e.g., Patterson 1994 ) and a neutron star (e.g., Bildsten et al. 1997) . Therefore, AX J1740.1−2847 would be a binary of white dwarf or neutron star (XBP). White dwarf binaries exhibit spectra of optically thin thermal plasma, which are characterized by strong emission lines from highly ionized iron (e.g., Ezuka & Ishida 1999) . Neutron star binaries, on the other hand, generally exhibit power-law spectra with a break at high energies (e.g., Nagase 1989). The best-fit spectrum gives no strong constraint on the iron line. The flat power-law spectrum, however, favors the XBP scenario for AX J1740.1−2847, although the large errors of the best-fit parameters do not completely exclude a white dwarf possibility.
If AX J1740.1−2847 is a neutron star binary, the low X-ray flux means that mass accretion rate from a companion, hence circumstellar absorption column, is small. Therefore, a large fraction of the absorption column of AX J1740.1−2847 is attributable to interstellar matter. Sakano (2000) made a simple interstellar mass distribution model in the Galactic plane, combining several published results on HI and H 2 distribution, and obtained overall fit to the absorption columns of X-ray sources located in the direction to the Galactic center region. Using this model and the absorption column of 2.5 +2.9 −1.8 × 10
22
H cm −2 , we estimate the distance of AX J1740.1−2847 to be consistent with that of the Galactic center, or larger than 2.4 kpc. Then, the 2-10 keV flux of 4.1×10 Stella et al. 1986 ), but is brighter than that of most white dwarf binaries ( < ∼ a few ×10 33 erg s −1 ; e.g., Ezuka & Ishida 1999) .
Consequently, all the results, the spectral shape, equivalent width of iron line and luminosity, favor that AX J1740.1−2847 is an XBP rather than a white dwarf binary. The long spin period of AX J1740.1−2847 resembles that of the prototype system of persistent Be/Xray binaries, X Persei (P ≃ 840 sec; White et al. 1976 ). The hard spectrum and the low X-ray luminosity also resemble to X Persei. The most probable spin period is obtained by the condition that the co-rotation radius is equal to the Alfven radius, where no angular momentum is transferred from the neutron star to the accreting gas or vice versa. Since the Alfven radius increases as the accreting gas decreases, a longer spin period requires a lower luminosity (e.g., Stella, White, & Rosner 1986) . This mechanism should be working in the low-luminosity and long-period XBPs, such as X Persei, AX J170006−4157 (P =714.5 sec; Torii et al. 1999) , and the new X-ray pulsar AX J1740.1−2847. 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 1 0.1 
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